Results of many recent studies"A leave no doubt that oral isosorbide dinitrate (ISDN) is both an effective and a reasonably long-acting antianginal drug. The relatively new calcium-blocker vasodilators verapamil and nifedipine are gaining increasing popularity as antianginal drugs based on a large number of well-performed double-blind, randomized, controlled trials.5 '13 The combination of a /-blocker with a vasodilator (usually one of the long-acting nitrates) to achieve maximal symptomatic improvement in chronic angina pectoris has seemed logical and has been accepted for many years. 14 Previous studies have demonstrated that ISDN,'5 nifedipine,"I' 16 and verapamil '7 19 are all effective antianginal supplements to the /8-blocker propranolol. The present study was undertaken in order to ascertain the relative supplemental antianginal effec-Patients. Ten men with classic exertional angina pectoris were studied. In addition to reproducible provocation of typical anginal pain during bicycle exercise, one or more objective indicators of ischemic heart disease was present in each patient (table 1) . None of the patients had hypertension or evidence of congestive heart failure. Eight patients had undergone cardiac catheterization (with the coronary artery findings as described in table 1), and none showed abnormal global left ventricular function. None of the 10 patients had been treated with nifedipine or verapamil. Five patients had been treated with ISDN. Training. The patients were trained on a bicycle ergometer according to the exercise protocol of Redwood et al.20 in which the work level is increased by 20 W every 3 min and the starting level is chosen so that angina is precipitated between the third and sixth minutes of exercise. Training to the point of stable performance (appearance of angina at a constant time + 30 sec) required at least 10 and usually 15 to 20 exercise bouts to angina.
13-Blocker therapy. Eight of the 10 patients were already receiving propranolol before becoming candidates for the study. In five of these patients there had been some subjective clinical improvement from the drug, and the commonly accepted clinical criteria for effective 13-blocker therapy of resting pulse in the range of 55 to 60 beats/min2l and heart rate during exercise to angina not exceeding 100 beats/min22 were fulfilled. The other five patients were treated with progressively increasing doses of propranolol. Each exhibited some improvement in bicycle exercise time and the final dose of propranolol was selected after a higher dose was shown to be no more effective. The daily dose of propranolol for each patient is listed in Study design. The study was carried out over 4 separate days. The patients reported to the exercise laboratory at 8 A.M., 1 hr after having taken their usual morning dose of propranolol. After d 30 min rest they performed a control exercise bout, beginning at the starting work level established during the training phase (table 1) and continuing to the point of angina. They were then given a capsule that contained a placebo, 10 mg of nifedipine, 120 mg of verapamil, or the previously determined dose of ISDN. Dispensing order of the placebo and active drugs on the 4 days was random and double blind. The patient then exercised to angina or extreme leg fatigue once hourly for 8 hr after drug administration.
In five of the 10 patients the 4 test days were consecutive. In four other patients the study was carried out over periods of 8, 10, 14 , and 16 days. In one patient the study period extended over 6 weeks. None of the five patients in whom the test days were nonconsecutive received any exercise training between test days. The order of drug administration is indicated in table 1.
A modified lead V5 of the electrocardiogram (ECG) was monitored continuously. Resting heart rate and blood pressure were recorded after the patient had been sitting on the bicycle for 5 min. Special care was taken in determining resting blood pressure, and a minimum of three measurements with a wallmounted mercury sphygmomanometer were taken to ensure that an accurate and stable value was recorded. The patient pedaled at a constant rate of 50 rpm and signaled the onset of angina. He then continued pedaling for 15 to 20 sec while an ECG strip and blood pressure were recorded at peak exercise. In those exercise bouts in which patients were not limited by chest pain, they were encouraged to exert maximal effort. When fatigue was the reason for stopping, it was noted whether the fatigue was accompanied by significant ST depression or followed by pain, the onset of which was in the early recovery phase.
Exercise laboratory temperature was kept constant at 23 ± 10 C. Two patients smoked occasionally, but not on test days. Aside from propranolol only patients 1 and 4 were receiving any medication; these two were receiving long-term therapy with oral ISDN. On the study days the moriing dose was omitted so that neither patient had received this drug within 12 hr of the test procedure. Seven of the 10 patients were not bothered by hunger and completed the 81/2 hr procedure with drinking water only. The other three patients had a light snack on all days after the fifth hour's exercise. All of the exercise tests in an individual patient were performed by one of two physicians who were involved with the patient from the training phase.
The degree of physician blinding was only partial because of marked differences in exercise performance of patients on placebo and active drug; this became obvious in most patients by the first or second hour exercise bout. Nevertheless, although the investigator usually knew when an active drug had been given, he did not know which of the three vasodilators it was.
The research nature of the study was explained to each patient and appropriate informed consent was obtained. The study protocol was approved by the hospital committee for research involving human subjects. The study was performed without drug company assistance.
The differences between the effects of placebo, nifedipine, verapamil, and ISDN were analyzed by an additive two-way analysis of variance with time and individual patients as factors. The significance of the differences at each hour was tested by the appropriate two-tailed t test. All means are expressed + SE. 1 hr after administration (p < .001). Although the increase was somewhat greater after ISDN the differences among the drugs was not statistically significant. Similarly, each of the drugs was superior to placebo to a similar degree through the sixth hour. While nifedipine and verapamil were superior to placebo through the eighth hour, the antianginal effect was markedly reduced and the difference between them and ISDN was not significant. Improvement in exercise tolerance after active drugs was indicated not only by the delayed appearance of the subjective sensation of angina but also, in those patients who developed ST depression before angina, by a marked delay in the development of the ECG changes. Figure 3 depicts the electrocardiographic confirmation of reduced myocardial ischemia in patient 3 and demonstrates that the phenomenon was common to all three drugs.
Blood pressure ( figure 4) . Each of the three drugs caused a marked drop in seated resting systolic blood pressure within 1 hr after its administration (p < .002 for each drug). The reduction was greatest after ISDN (-26 mm Hg, p < .001 compared with nifedipine and verapamil). The fall in blood pressure was significant through the eighth hour in the case of nifedipine (p < .03), through the seventh hour for ISDN (p < .003), and lasted through the fifth hour for verapamil (p < .03).
The effect of the drugs on blood pressure during exercise was examined by comparing the value at the 571 1o I hour the drug exerted its maximum effect on exercise tolerance with the parallel value in each patient during exercise after placebo. At submaximal (3 min) exercise, all three drugs caused a significant fall in blood pressure (verapamil, - . Effect of each of the three vasodilators vs placebo on mean RPP for the group at rest, at 3 min of exercise, and at peak exercise (just before stopping due to angina or fatigue). Numbers above the bars indicate the mean heart rate and blood pressure components of the double product. The comparisons were made between the hour of best performance after each of the drugs and the corresponding hour after placebo.
lator-induced changes in heart rate were minimal (probably due to the concommitant high degree of 8-blockade). After verapamil there was no difference in resting or exercise heart rates compared with after placebo at any hour. After nifedipine and ISDN there were transient slight increases in heart rates compared with after placebo, but these were seen only at rest at the first hour after drug administration (nifedipine, + 6 beats/min, p < .01; ISDN, +6 beats/min, p < .03). Rate-pressure product (RPP). Figure 5 depicts the changes in the product of heart rate and systolic blood pressure for the group at the hour of best individual exercise performance after drug administration compared with the RPP at the same hour after placebo. Each drug caused a significant fall in RPP at rest and at submaximal exercise (3 min) due to the fall in blood pressure. There was no significant difference in RPPs after any of the drugs and placebo at peak exercise (angina or fatigue), although in almost every patient a higher workload was performed at peak exercise after active drug administration.
Adverse effects. In patient 5 the systolic blood pressure fell to 60 mm Hg while he was seated on the Vol. 68, No. 3, September 1983 bicycle 1 hr after 10 mg of ISDN. He complained of light-headedness and was unable to exercise. The hypotension subsided by the second hour. Patient 8 developed a severe headache after nifedipine and was unable to exercise beyond the fourth hour. This patient also developed a mild headache after ISDN. There were no symptomatic side effects after verapamil. Patient 10 had a slight prolongation of the PR interval from 0.18 to 0.21 sec and this lasted for 3 hr after verapamil administration.
Discussion
Our results indicate a marked increase in exercise tolerance in ",/-blocked" angina patients after oral The duration of action of the antianginal effect of an individual drug was quite variable from patient to patient, ranging from 3 to 8 hr, and there was generally considerable diminution of the beneficial effect in the later hours even in the patients in whom there was a long duration of action. Thus, our results suggest that these vasodilators should usually be administered at least every 6 hr in order to maintain continuous maximum benefit. It must be realized, however, that the possibilities of drug tolerance and/or accumulation may limit the application of our findings after singledose drug administration to the clinical situation of long-term therapy.
In comparing the antianginal effectiveness of the three drugs, our data suggest that no one drug is clearly superior to the others. Patients responding to one of the drugs will respond to the others, although there are often differences in the magnitude, onset, and duration of effect. In a significant percentage of patients, these differences can be expected to be of clinical importance, although we know of no way of predicting which patient is likely to benefit more from which drug.
The question may be raised as to whether the doses of the three different vasodilator drugs were equally optimal. As a result of the titration procedure, the dose of ISDN was probably maximal for each patient. It is possible that had a similar blood pressure-lowering titration been performed for verapamil and nifedipine, the improvement in exercise tolerance would have been greater after their administration. There are, however, no generally accepted methods for titrating the antianginal doses of verapamil or nifedipine, except possibly by exercise testing itself. Since we did not use exercise performance in the titration for ISDN, doing so for the other drugs would have selectively eliminated nonresponders from the study, and in addition would have made the investigation very difficult to perform. Titration according to blood pressure lowering would have been easier, but would also have rendered the protocol exceedingly cumbersome.
Nevertheless, the doses of verapamil and nifedipine were probably at least close to optimal. The 120 mg dose of verapamil is on the high side of doses found to be effective, and is the one most commonly used in placebo-controlled studies. - 
